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REMARKS 

A complete listing of all the claims in the application is shown above 
showing the status of each claim. For current amendments, inserted material is 
underlined and deleted material has a line therethrough. 

Applicants appreciate the thoroughness with which the Examiner has 
examined the above-identified application. Reconsideration is requested in view of 
the amendments above and the remarks beiow. 

Claims 31, 34 and 40 are currently amended. 

Claims 1-20, 33 and 37 are now canceled. 

No new matter has been added. 

Allowable Subject Matter 

Applicants appreciate the allowance of claims 21-30. 

The Examiner has also indicated that' claims 33, 34 and 40 would be 
allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. Accordingly, applicants have amended 
base claim 31 by adding the limitations of now canceled claim 33 thereto, and 
have amended the dependency of claim 34. Applicants have also included the 
limitations of base claim 31 into now independent claim 40. In view of the 
foregoing, it Is submitted that claims 31, 32 and 34^0 are now in a condition for 
allowance. 
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The Examiner has also requested the non-patent literature/other art that was 
filed as part of the IDS of 11/25/2003. Accordingly, applicants are submitting 
herewith copies of such non-patent literature as Identified below: 

''A Novel Trench DRAM Cell with a VERt lcal Access Transistor and Burl Ed 
STrap (VERI BEST) for 4Gb/1 6Gb^ U. Cruening et aL, lEDM 99-25, 1999, 

''Extending Trench DRAM Technology to 0.1 5//m Groundrule and 
Beyond^ T. RuppetaL, lEDM 99-33, 1999, 

*A 0.1 35 jjm^ 6F^ Trench-Sidewall Vertical Device Cell for 4Gb/l 6Gb 
DRAM", C- J. Radens et al., 2000 Symposium on VLSI Technology Digest 
of Technical Papers, pp. 80-81, IEEE, 2000, 

In view of the foregoing, applicants respectfully submit that the application is 
in a condition where allowance of the case is proper. Reconsideration and 
issuance of a Notice of Allowance are respectfully solicited- Should the Examiner 
not find the claims to be allowable. Applicants' attorney respectfully requests that 
the Examiner call the undersigned to clarify any issue and/or to place the case in 
condition for allowance. 



DeLIO & PETERSON, LLC 

121 Whitney Avenue 

New Haven, CT 06510-1241 

(203) 787-0595 
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A Novel Trench DRAM Cell wiHi a VERt lcal Access Transistor andguii^ STrap 
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U. Gnienbg, C.J. Radeos*, XA, Manddman', A. Michadis, M. Seitz, N. Arnold^ D. Lea', Casarotto* 
A. Knoir, S. Halle". T-H. Ivws", L. Econoiiukos"i S- Kuddlca, S. Rabn, H. Tews, H. Lee, EL.Divalcaium , 
J. J. WeLser% T. FunikaWa^, T.S. Kaaarsky', J. Alflmeier, G.B. BronnM- 

Infineon l^Khnologifis, Corp.. HopewQll Juncdon, NY 12533, USA 
"IBM Seraicondiioor R&D Center, Hopewell Jwicliim. NY 12533, USA 
^raM TJ. Waim Research Ccaittf, YorktDW Heights, NY 
^IBM Microelectronics. Essex JuAction. VT 



Abstract 

Result? afD preseitrdd for a novel trench capacitor DRAM cell 
usmg a vertical access transistor along die stora^ trench 
sidewall which effectively decouples the Icn^h rmm the 
IFtbofimphie sroundrule. A unique feature: of this cell is the 
vartical access transistor in the anuy whiqh is jsclf-aligned to 
the buried siiap [I] coimecLion of the storage Crcnch (VERJ 
BEST) and bounded by trench isolation oxide. The- VERJ 
BE$T cell eoticept, process and electricaf results otoined 
from ^ test cell arrays al O.lTSfim groundiules are 
described in this paper. 

InCmduciloii 

With each new generadon the available space for the ohamicJ 
length of the DRAM transfer device candnues to shrink 
BggressivDiy. Conventiona] scaling techniques are Hmiced by 



the stringent leakage requirement of a DRAM cell as showo 
in Fig. 1 : A reduction in gate poly length requires thinner gate 
oxides and increased channel doping to avoid short channel 
effects. High doping levels, however, lead m increased 
juncdon leakage wbicli decreases data retendoTi time [2]. At 
Oie same L'me gate oude rcMabiUty requires rcducHon of the 
wordlinc voltage, thus degrading the charge writeback 
characteristics and signal margin, as the array thie$hold 
voltage remains fixed due to off*current requirwncaits. 
Therefore a vertical array transistor is proposed as a means to 
decouple die gate length from the shrink path. 

The proposed VERI BEST process is based on the advanced 
BEST (3] cell technology with a planar Hiray transistor and 
THiscd shallow trench isolation [4] and a vertical pass 
nansisior along the deep trench sidewall [5]. Cross-^ciion^ 
views in Fig. 2 show the evolution itom a ooiiventiona] 8F 
planar MOSFET cell to the VERI BEST ccl), as well as a 
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Fie, 2; EvqImUoh fi^m & ptfttitf u venieal MOSFET cells: 
(a) Sbtc-of-lhe-nrt BF' t^RAM wiih pbnat ehftim^l. (h) Novel BP* DRAM cell witb 
a vcniul nnsisior chuind on tap prdic deep croich stams? copafiitor (e) PewniM 
stirfaik laib ID Aib-8F' edls. 
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3: SEM pKUw orsi^ VERl BEST fidl wllh veitiul transiBtor, 
EhovinE X-ttedottBl view as dcetdied in Fi^ 2 



potential shnnk path to sub^F' cdls. From an addressing 
poim of view, ibe VMO SF' arc tnnvfbxincd into each 
other by exchangitie lo^cally the role of flic active and 
w^nilines (WL). The vertical iiBiwBtDr is now 
contiQlled by the foimerly passing WL mnnins across the top 
of the dMp (rendu its channel length bvms dctcmuned by the 
depth of a recess etch wt>Scl) can be opdinizx^i independently 
of the sroundrule. Fif. 3 show^ b SEM pknire of the 
Plicated stmctura. 

ProceuPlow 

FJg. 4 shows sejieitiflticfilly the process fIow» 2& summarized 
in Table L After forming the deep storage trmch capacitor^ 
thft poly recess etch determining the buried strap depth \s 
cxiendBd by about 03^0.4|ini in order to accommodate space 
for the vertical transistor, followed by collar oxide removal 
and buried Strap fbrmation (Fig, 4a). The buried strap 
potysilicon is then covered with a trench top oxide (TTO) 
layer to insulate the node from the: vertical £;ato poly and the 
pad layers arc stripped. After implautin^ the wells for the 
array and support devices and the array n'4*-bitliDe juncdon, a 
gate Qxido Is grown (Fig. 4b) both at the planar surfhee and 
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FiB<^ fCeypTBOBSftsxcps for ihefonrntfopordK vertical 
MOSPET. 
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TABLE! 

Sumimiy for Icey pitKv9* stpi etateaportding to Fig. 4 



(a) 


STORAGE TRENCH and 
BURtCp*STKAP CONNECTION 


(t) 


TKENCHTOP OXIDE ISOLATION ud 
vyELL and N* ARRAY XCT IMPLANTS 


(c) 


GATE OXIDATION and 
OATB POLY #1 DEPOSmON 


(<D 


SHALLOW IRENCH ISOLATION 




GATE FOLY/WSix DEPOSITION 


• 


ETCH GATES BPd IMPLANT XHS 




interlevel dielectric 




OOKTACTS and BITUNE FORMATION 




Fig. 5; Layout of the BP^ Bimy oonmining vmical MOSFET 



VKTICAL 
GATE OXIDE 




alpqg fliB exposed portions of the dench sidewall, and 
caVMd wifli a Hm gate polysilicon layer (Fie. 4c). Then 
isoladcm trendies are &chtd to a depth bdow ihe buried str^p 
and fined with oxide, enfiuring the isolmion of the storage 
trtDClMS and defining the edges of the vertical device (Fig. 4d 
and layout in Pig. 5). After depositing a poIy/WSir/SiN layer 
(Fig. 4o) Ofrto tbc fifst gate polysiHoort layer, ihc gate 
copductDTB art pattemed and etched simuhaneotisly in the 
Biray and planar ^uppon device regions. Then conventional 
aouice^drain and self-aligned cotitaet processiTie ia used to 
complete the stiuoture as ahown in Fig. 4f. 

fikperSmenUl ReatiHs 

Afi shown by the layout In Fig. 5, the isolation trench defines 
the boundary for the vcrticaJ array device. The vertical 
channel is fonncd only alon$ the <lIttf-ciystanograp1uc 
orientation portion of the atorage ncneh sfdcWBll vdtich 
x^maitts afier the isolation trench etch. Bg. 6 shows a plan 
v(cw TEM of a vertical gate ojride wth 9 lun tWckneas as 
well as the vertical part Of the gate poly^lieoa A heavy 
sh^low Bisenic implant is pcrfgrmed prior to die gale 
oxidation to form the bitline diffusion, proinding a 
condnctive path tdider the passing woidlitie as skelobed in 
Fi& 2* The anay Vt is MntroUed by a boron peak centered in 
the chBiipel (Fig. 7% which allow* mimtnization of the well 
dophi£ at die node junction, ibr a low defect-induced Icake^ 




Rg. 6; TEM plan vkw (from shaded meet in Fi^. y cut dirov^ vertical 
Bale) shofwiPE sale Mide firnned on <| I0> crysUltoiEniphic aidewaU of 
M(i«eclliMkiiifM(AA)L 



PiR. 7: Sinuiliud vcnkal dopins prafile olons Saied sldMll of sungp 
ircttcfa. 



The effective channel length Is ^ically (X^Hm, dgpccdcnt on 
the chosen recess depth. Due to the longer channel length, the 
device can be opeialfid onibe flu pan of the roll-off ouivo, 
allowing a good threshold voltage connol. Fig. 8 shows a 
cross-section SEM of O.S4^ni deep isolation taiches after 
dxhIb fill and c:mP oxide planarizBtion. A void free trench 
fill with an aspect ratio of more than 4 has been achieved by 
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iisin^ an advanced high density plafima (HDF) oxide gap fiU 




Fi^ 8: SEM abowipg vonIIbes rdliqjs oThtBh aipect nUo iwbu^ irencfaei 
iftef oxide pliniiriziitidn 



Measured valu» of sutMhrcEhoLd slope are flpproximately 
lOOraV/dec at 85*C (Fifr yielding an ejifirapolfttcd tiff- 
cumnt which is d^nifieandy leu ihan the IfA/device 
reqidred for long mention time. 
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lirV^cfaafBcicfudcs demansBabng low arr>cuntaL 



A lest chfp with 1Mbit (4x256kbi0 VERI BEST cell artays.at 
0 dengn tule of 0.175(ini was febrieated and lestod vnih 
stMidaid parameiers. Tbe test results of such an amy ixidieate 
similar yield bebavior as a planar array device teduolofy in 
the sum nagft of development. Fig. 10 show? a bitlai] map of 
a IMbil OTK^ at 2ins screen test, denuinstnting tbe cell 



runctionality. The raediap retention time is measured to be 
gieater than 5 aec at 85*C, crmfirming flic good leakage 
properties obtainable with a veitical amy device. 




Fig- SidUl IDBP of IMiiic itrsy, dononsiraEaig nil Ainaknvlity; 



CovelnsieikS 

In summfliy. we have dendonstraced the int^ration and 
fiinctionality of a novel DRAM trench cell using a vertical 
Attcss Ciansistor thai ia suitable fbr the next Gt-QRAM 
generatioBS. It has been shown thai the vertical arzay 
tmxisistor is aUe to meet DKaM retention tinic requlremonts. 
thus enablmg Aiture cell scaling independent of tnussisior 
(dianncC length. 
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Abscract 

A 0.135 |im' tienchNcapadtor DRAM cell with a 
tpench-sidewall vertical^tunnd array device has been fibricated 
using 150 nm eroufldnales and optical lifhegr&pliy. This €1^ cell 
features a novel active area layout e tranch-top-oxide (TTO) 
isolaticn between trencb capacitor and trench gate, masUess 
selF-alieiied buried stnp node oonteci; shallow cratch isolation 
(Snn), a self-flllgited pob^lt^ bit oontect, end two levels of 
Uiline IntBfConneci, bodi fbrmed using b W du&l-dainascene 
piocea^ 

latraduction 

1Tie continued diaracteTi5;tic shnnklng of DRAM 
technology win requiK the devdopinertt of a compact and 
scalable DRAM array oeU in addition to imppovemenls in 
lidio^phi? pacEcnring. As the srray cell layout is comprcsficd, 
ih« bit eomaet and node dtfHisions encroach upon the device 
channel tegion, control is reduced, and vmiaiion b intiodueed 
in }jr and dam netention; it is desired lo decouple the array 
transistor chonnel length from the lithographic groundrule 
gndca] dimension. Vertical transistors have been proposed to 
addrc» these pmbTems [1,2,3]. hi addition, a sub<8r DRAM 
will Tcquire an altemadv© to the folded bitline architecture [3,4]. 
This paper describes a scalable 6F^ trench-capacitor-fiidewall 
veitica] mnstetor cell with a heningbono aative area Iqyotit and 
two levels of bitline whin^. 

CeO Structure and Desigo Covcq>t 
The CF* azray cell layout is sbown in Fig. 1. The 
herringbone active nrea pnltem offbrds the maxinnjin separation 
belwreen each pair of devices while uiainlaining a 2)' mimTmin^ 
pitch WOrdline. Fig 2 sbOwB the cell cntss section including the 
npper region of ihc trench capadtor device. The devico channel 
and masktes^ buried 9trap node contact iss formed at the 
intersection of ihc trench and active area pattern. The channel V, 
and array wdl doping piofile is acQusted to set the maxiinuni 
dopant concenimtjon localized away from the buried sti^ node 
outdiffvsion. Widiin the consn^iints of buried strap outdiflbsion 
shown in Fig 3. fwdter compaction of die cell area may be 
obifllned by a reduction of the 3F bitline pitch. Two levels of 
billinc wiring ore interchanged at intervals over the anay to 
provide folded sensing on the scale of the bitline intevchango 
interval [4,5]. 

FabKcacion 

A fully-planarfzed process sequence with a VERI- 
BEST pj raised-shallow-trench isolation [6] is used to 
concurrently foim the vertical Amy and pi amir support devices. 
The capacitor is formed using a LOCOS collar [7], Anisotropic 



dq)Osition of the trench-top oxide (TtO) isolates die uppci^ 
trcDCb gate polysilicon from the lower-liench stonge node, and 
is also used for the STl The sdf-altgned buried strap is foimod 
by the ontdiffusion of As fkom dw capacitor polysilicon. Tlie 
vertical device and planar support gate owide and gaie poly aie 
formed prior to the dclincatian of die STL Oitical levels are 
paHemed using a 24g nxn system with (K68 UA, and ottenuaM 
phasMhia znasks. A sumnoary of tbe process flow is sbown in 
Fig 4. 

Results 

An SEM top-down view of the deep trench (DT) and 
bcrringbone active area (AA) pattern with STI oxide removed is 
shown in Fig 5. The DT lithography dhows a sensitivity lo (bcus 
and l^ns aberrations. An SEM cro8s*fieeiion view of a pair of ihe 
completed cells along die <tOO> plane of the active area is 
shovm in Fig 6. The buried Strap OUtdifttSSion Is approsomately 
50 nrtL A channel length of -^200 nm is obtained wilb the 150 
nm groundrule process technology. The channel is foruied along 
a comer of the trench. RTO gate oxidation with a taie ratio for 
<100V<1 10> of a9 is shown in Fig 7. The rftliabiliry of die 
RTO gale dielectric along <110> With p > 2 and projected 
lifetime >I0 year? shown In Fg S. The amy transistor 
charactenslics, measured through a pair of baek^to-bacfc 
tranfilstors In series, is shown in Fig 9 and Fig 10, Due lo the 
series resisiance of the pass transistor, the measured drive 
cuirent does not directly indicate the single transistor 
performance; Screen bit fail mepe ftam a 1Mb army diagnostic 
monitor test chip with a) perfect 7!^ army and b) low-denaty of 
feilurOB in the CT^ anay m shown in Fig 1 1. A summary table 
including selected paiameuic attn*buteR is shown in Fig 1 2. 

Conclusioiis 

A functional 0J35 um' ^ DRAM odl has been 
demonstrated using a trenoh-sidewall vertical access tranaisiflr at 
a 150 nm groundrule. Optimisation of a reliable and oriental] on- 
independent gate oxidation^ and shallow strap ouniiffusion is 
required to maintain device perforniancc. Hiis cell and the dual 
bitline architecture shows diQ potential for continued extension 
of trench DRAM technology. 
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¥{gl.€P^ venical cell layout 



1. TcEndica|iB£itor 

2. finned phte and LOGOS collar 

3. Maskless burin) strap pomact 

4. TYwidl top isolation (TTO) 
^,Z>eviQe and well l/I 

6. Gate oxidation and poly depositioD 

7. Shallow Trench Isolatioa (STT) 

8. Plansr support gate and wordline pattern 

9. Sourcc/diiMn K/1 and activation 

10. Contacts and nitcaoc i ioect 



¥iq4. Pioeeas flow summQiy 



Hg 2. Schematic ciM wctiofi along AA Ffg 3. Maxiimnu allowed stnp ouldtfTofloik to 
showifigapairofdevjccs. pfeventdevig^to-dovlcer 




Fig 5. Top-down SEM of trepch(DT^ 
and accivis ana (AA) with STl remDvcd. 



\ STl [ p-'jvell i 
• channel J 

■•''^ti-^ strap 



Fig 6. Cross jieccian SEM along AA. 
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Fig 7. OncniBiion-dtpcndant oxidation. 



Ffg 8. Reliability of <I 10> 6.8 nm 
ox\<k, OA mm\ 140 C P = 2.4. t=3.66 



Tamp = asc 




1 1.5 2 2.5 3 
V„|VJ 

Fi^ 10. Ic vs. and Vg. me'.i'tured 
through back-EO-back devices 




a) if 



b)6F* 



Rg9. I„ vs. Vc and Vpj.mca«Mrtd through 
back-to-baelc active and pass device:! 



Cell area = 0.135 um' 

Mio- pitch = 300 nm 

Gratindnjle = 1 50 nm 

Deep trench fitOTdg^ capacitor 

Trode = 3.8 nm 

CnDdc= 25fF/cel1 

Tox4rTBy = 6.8nra 

MediaD retention = 2 sec 

Polysilicon stud bit coniact snid 

Rc bit contact < 3 kO/contact 

Rc slrap node contact < 15 k£2/bit 

2 levels W und Z levels Al intercoimeot 



Fig 1 1 . 1Mb array screen bit fail n 
a) perfecL 7F*» b) Tow-fail density t 



Fig 12. Cell Bummaiy 
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Abstract 

This report describes improvements in the trench DRAM 
technology for Q.15 \im groundrule and beyond. The 
optimum cdl layout Is SF^ wfih a cell area of only 0.1& pm^ 
for a a 15 ixm groundrule High node capaciiance and low 
node contact resistance are demonstrated for these small 
groimdrules. By using & dual gale oxide and self-aligned 
support junctiDns» Uic difiercnt pcrfonfUMce requiremeAis. of 
array and support devioes can be met- Ibese technology 
features mid lh€^ir axtendlbilliy are evaluated on a 2S6Mb 
DRAM design. 

Introduction 

The self^aligned buried str^ (BEST) trench DRAM ocll 
[1][2] can be scaled for future DRAM geomiions. lYencli 
capdcilors provide a more planar surface than stacked 
capacitors [2], resulting in a larger process window fbr 
lidiography and etch. A conveorioaal folded bitline 
architecture with an layout has many design advanbtgfis 
and can be Used fbr several shrink generations (Rg. 1). 
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fne. ] . DRAM cdl m of BF* bycwt for diffeicni groiind-nites. Rfiiiiliiiig 
Chip tim tot varioufi DRAM ^entnitieiiS wrt Ihown (65* array eflid<»e>). 

Further cell size reduction below 8F^ is possible [3] but 
resulU in an open biiline orchiiecturc; requires iwo levels of 
bidinc wiring and h»s device jCating problems. The 8F^ ceil 
(Ftg. 2) is good for lithography due to its very symmetrical 
)$yout, an equal line epdce patteni, and optimal oveday 
tolerances. The inherent challenge for reducing feature size 
is in maintaining basic DRAM parameters sucb as cell 
capacitance, resistances, device leakage and performance 
while shrinking the dimensions, ITiis vrark focuses on 
extending these parameters for future DRAM generatiorts. 




Kg. 2. 8F* Ib>ouL nw wofdliflcs and bicUn^ wc « mifilnuim pitchy bidi» 
nre shown Qflly on tte right hoirof the l^oui- The deep trench (CT) >* 
pamnAily 2F^. The bftllne eoptam are bwdart^sa and sdr-alisnfltf m ^tes 
OBd xhiUow tnnch isoleti«n tSTI). Tbe buried strap is fenued by ttit owotap 
of acdvc area Ahd lldKb cqpftdlor. 

Process and Results 
The process starts ^tb etching of the deep trenches into a 
substrate. For tbe locally oxidized (LOCOS) collar process 
[4] a SIN hairier layer is deposited, d)e veoches are filled 
with resist and dse resist is recessed to the bottom of the 
collar (Fig. 3a). The SiN barrier is etched in the upper part of 
die (reach, opening the silicon C^i) for subsequent LOCOS 
ORidation (Fig. 3b>. Hie dietziud SiOi thickness is 37 nm. 
Ublng isotropic Si etching, die bottom pare of die trench can 
be enlarged to form a bottle [4] (Fig. 3c). Thereafter, the 
buried n-piate can be formed self-^gned to Che collar using 
gas phase or plasma doping (Rg- 3d). Rg. 4 shows die 
capacitor irencbes after poly deposition in the small (Fig. 4a) 
and long direcdons (Fig. 4b) of the trench. 




Fig. 3. LOCOS cellar process, conic capacitor cnhancemenx and ^f-^iJigiied 
buri^ place. Q) Redst rece» for SiN ba/rier dcflnition. b) LOCOS 
oxktoiion after barrier cicb and ncsisi anlp. c) Boulc tAlntgmoA udng 
Uoiropic Si ncfaiqB. d) fiuricd place fonimiioji sclFaligm^ to d»c collar. 

Widening tbe deep trench by 40 nm per edge increases the 
calculated capacitance by more than 40% (Fig. 5). lite 
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rMisured capacitance for a 5 lAm deep ireaeh 
22 fF tD 33 fP for this 40 urn bottte widening;. 



from affords a coniroUed recess to reduce the overlap lo the active 
wordline. 



Fig. 4» Ticncb capxilor after *cceaa co define die biined soap (BS) bgcwm. 
a) Cres5*56ai0n f^^ndlcular to the wocdUne dde -of itkc ireoch). 
b> Cnfis-MolaB porallel to die wordine (Ions side of die much). 



to 20 30 40 50 

fisttte widening (mitfatfgo) 



40 




$$ 




30 


B 

i 


29 




2D 


8 


15 




10 




5 





CcO cQpafSCaaCft increw vefsus DT bonie widening. A ^dcniag of 
40 oia Rsuluin » ^iMuiAied ca^acbance Incnuse ofAO%. ^ a 9 Um d^ep 
racbilvtBafiirede&puha&cacfaanGicslroniZS IF up to 33 iP". 

A convcaiiional Buried Strap (B5> connecdon (Fig. Ga) is 
denned by the overlap between aciivc dtea and deep crench. 
The Tioi covered part of.- the trench, filled v4lh ptAy is 
removed during die shallow iraach isolation (Sll) process. 
TheFcfore the connection and die resistance between the 
irench and Oie aciive area is depending on the overlay (Fig. 
7a). A self^igned o)ddc bard mask STTI process (Fig- 6b) is 
applied to etiminate the overlap dependence as well as to 
increase the size or the connection regjon (Hg. 7b). Key 
proeeases are nitride RlE selective to qMc during mask open 
and 51 RIB selecdvc to o^Ude (hard mask material). The total 
resistance defined as the sum of interface and poly smip is 
reduced by more dian half from 1 1 down to 4^ kQ with this 
self-aligned process (Fig. 8). implyinE further scalaUlity as 
Well as improved device perfonhancc in ihe current 
generadoo. To furttier improve the amy device performance 
a redualon of the hdght of the BS opening is critical and 




00 



6. Cwvennonal (a) and sdf-ftligned (b) SU process Mqucnce. 




Rg. 7. SEMs of turied orap <BS) conncoion pcrpauficubr tp Ihe WL. 
a) CoevcBtioml ^Ti peoeo^] oveilay tenfidye. b) Set^ols^ned bard task 
process buried stni* ceanGcdon itstnE die cempleu DT viddi. 
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Fig. 9. Cemimrlsoo of B$ ttsiamct >wldi dl/lfeiCBi camieaioo meihods. 

The ncansisiors are formed in retrograde n- and p-^wlls. The 
n-Mvell U also used to oonneci the buried plate. A 35 / 55 A 
dual gate oxide process using niirogen implantation [5J is 
implemented, in order to improve the performance of the 
DRAM peripheral devices independent of the array. 
Fig. 9 shows a typical Vg-ld curve for the array device. The 
suhdncshold slope of 95 mV/dec for this W/L^.lSQ/0.150 
|im devk» results in an off-currcni adequate for the array 
device. 
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Fig. 9. TypioU Vg-ld'cuTVe for iht device (W/LoO. 1 $Q )tmX 

The use^ of a single n-t>pc poly Si gaie results in ihc p-FETs 
bdn^ of the buried channel type. Indium and amimony 
retrograde chaoriel implants (n-well see Fig. 10), ihin gate 
oxide, hala implantaUon and a reduced ihcrmal budget are 
used to i mpr ove the support device roll-off. ^oll-ofT curves 
for nominaJ and low Vi n-FET and p-FET are shown in fig. 
II and Fi^ 12. Unlike sur&ce channeT devices,, the of a 
buried channel device, decreases wlih increasing gate oxide 
thiekDess- [6?, Thi3 characteristic is taken advantage of u$iAg 
a. thick gate oxide for the low Vi p-FET. The increase in 
subthreshold slope with decreasing gate length is one of the 
mairv challenges in buried channel p-FET scaling [6\ but can 
be overcome udch die implemented iraprovements (Fig. 13). 
The wordlines are composed of an n-typc poly SiAVSi gate 
Stack and are completely encapsulated «iih SiN to prt>^(^ 
isolation &ir diesetf-aligned anvy contact [71. 
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Rg. 10. Rnid SIMS profile oflhe naot-cait n-w«ll imiiliiiu. 
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Hb. 11 . RdH-oET oirre for Ihin oxide nomlfiaT and low V| o-FE7. 
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Re. 12. RAU-ofFairveteaEhlnasudcnonainl V. and a thids o»d« low V, 
buiied channel p-PET. 
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«e. I J. Subiluefihold s[(>pe tor ©omlnal V, UiiitWidft p-FET. 

The contact implant uses a self-aligned spacer implant 
scheme witb a disposable oxide spacer Qng. 14b). Compared 
10 a convcQlioml] conlacl implant (Fig. 14a), this scheme is 
self-aligpcd to the gaies sand has advantages in the overiay 
^ensitiviiy of the contaet level as wdl as a relaxed ^ouddrule 
for the alignment to the sates. 
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Rg. W. DlflSereni S/D iraplam sdicmc& are »bowo above, a) Implani 
thrwsh the coAua openlog. b) Sdr-aiiaoed spacer imptant. 
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Due to the high dose implant in the oomplere Junction area 
the area capacitance Is reduced to 1.32 fF/fim^ (n-FET) and 
] .24 fF/iUti^ (P'-FET^ compared to the contact impJanl scheme 
2.15 fF/|mi^ (n- and p-FET). After S/D implantation the 
oxide spacers (Fig. I5a) formed in the supports and also 
fiUing the array spaces (Fig. 1 5b) ate stripped selectively to 
the SiN liner using HP chemistry. 




FIgr 15. SGM «e»-see(ion» ^ner, <)uee spacer formaiieA. ft) Sepporr 
wiib TQinn MiOt spflttT. b) Aitay'regien niied wiib ttmaiaiiig void, making 
ihfi dLipo^Bg of ihc oKl<k spactt ntctssaxy. 



BPSG dcpo^lion and reflow is used for void-tree filling of 
the array, fpllowed by a CMP planarization, $t(^pinf on top 
of the gates [6].. The self-aligned bitline contact is etched and 
filled v^th poly S'u fbrmins-a poly Si stud Contacts to gates 
and difflii&ions in the suppoits are formed simultaneously, 
using a tungsien <W) dual damascene process. A cross-section 
of the afray up to the bidine metal level is shown in Fig. 16.. 
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Rg. 16. SBM crasfi-secdoii of DRaM amy pocpendicuhr id ih» wonfllaeB 
ap 10 tbe flrvi mernl level fhowtqg LOCOS collar and sdf-allgBOl STL 

The next meial level after, die tntUnes uses W damascene 
viasL Due to the lulL planarization scheme available in the 
trench DRAM technology there is no topography between 
array and support re^on. The Grst aluminum (Al) metal 
level can therefore be wired on a groimdrule pitch to support 
a wordline stitch architecture resulting in a faster signal 
processing, A sandwich layer (bouom up) of Ti/HN/Ai- 
Cu/Ti/riN is deposited and etched using Al reacrivc ion 
etching (RIE) [9]. The undoped SiOi passivation resuJls in a 
void-free fill for a 0.15 (im groundrule (I^g. 17). The second 
Al metal level is on a relaxed pitch, a capered via below 
bIIows for A] via fill and metal deiiosicion with one process 



step. This second Al metal is also patterned by (UE and a 

final passivation is performed to protect the structure. 




Fi£. 17. I^rfl Al iB«ulwiriitson 03 lira p'cch ova- the anay. The sndc 
sandwich oTTi/TlN/Al-CiinvriN. Tlic SiQz fill it void-fftM. 

Concliisioii 

We have demonstrated an 8F* DRAM cell for a 15 |im 
groundrule. To overcome the challenges of shrinking 
dimensions wc introduced several self-aligned features. Dual 
gate oxide devices, retrograde wells, halo implamation and 
tow Ehermal budget result in high performance devices. An 
Al metal cidi is used for on pitch wordline stitching. The 
discussed features guarantee a high yielding and 
izianufacturable process and provide poietitial for future 
shrlnlc generaiSons. 
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